In agricultural intensive areas, drinking contaminated water from private wells is considered an important cause of acute gastroenteric illnesses (AGI), particularly among high-risk populations. In the summer of 2009, the microbial water quality of 180 randomly selected private wells in two northeastern Ohio counties, a region with a high concentration of dairy farms, was assessed.
INTRODUCTION
In agricultural intensive areas, water quality deterioration is a growing concern for public health. Surface waters are often used for recreational, irrigation and drinking purposes. should be completely absent in drinking water from private wells (US EPA ), these wells have the potential to be contaminated with fecal organisms from nearby agricultural and other anthropogenic activities. Krapac et al. () reported that ground water near swine manure storage pits was adversely affected (Krapac et al. ) . Septic tank density (Borchardt et al. ) and human and animal feces in the vicinity of wells (Licence et al. ) also affects microbial quality of private well water. Arnade () indicated significant impact of precipitation on microbial quality of well water located near septic tanks. Water may also be contaminated during conveyance in distribution systems (Payment et (Friesema et al. ) . Hence, we hypothesized that wells in close proximity to bovine operations might be a source of these pathogens. The purpose of this study was to determine the frequency and magnitude of private well water contamination with microbial indicators (coliforms, generic E. coli) and two specific pathogens, E. coli O157:
H7 and Campylobacter jejuni in an agriculture intensive region of Ohio. In addition, the influence of factors anticipated to affect microbial contamination in this agriculturally intensive region were assessed.
MATERIALS AND METHODS

Study area and sample collection
Sampling was conducted in six townships of Wayne and Holmes Counties, Ohio during summer (May-August 2009). This region is characterized by the presence of a large number of dairy farms (Clark et al. ) . Three townships were selected from each of these two counties to represent areas of variable dairy farm densities and differing ground water pollution potential as indicated by the Ohio Department of Natural Resources Division (GWMTS ). This pollution index map was developed based on the major hydrological factors (i.e. depth of water, net recharge, aquifer media, soil media, topography, impact of the vadose zone media hydraulic conductivity of the aquifer) ( Figure 1 ). The ground water pollution potential index was compared among selected townships and the level of potential risk from ground water pollution index was determined (Table 1) . Dairy farm densities were determined by the number of grade A licensed dairy farms located in each township. Selected townships were categorized into high risk (!50 dairy farms; Saltcreek, Paint and Milton), medium risk ( 20 dairy farms; Wayne, Franklin) and low risk ( 5 dairy farms; Knox) townships for dairy farm density (Thorn et al. ) . Thirty households in each six townships (i.e. total 180 households) were randomly selected based on addresses present in a well log recorded by the Ohio Department of Natural Resources (GWMTS).
During summer 2009 (June-August), we visited the randomly selected 180 households to collect water samples from their private well. Each sampling location (i.e. households) and the location of dairy farms were plotted on a regional map using Arc GIS program (version 9.2, Esri, CA, USA) ( Figure 1 ).
Approximately 4 L of water was collected in sterile containers from indoor residential cold water faucets or outside faucets connected to the private well serving the household. Other details of selected wells such as age and depth were also recorded from Ohio well logs. Samples were kept chilled and analyzed within 12 hours of sampling.
Bacterial analysis
Total coliform and generic E. coli were enumerated in 100 mL aliquots of the water sample using a commercial MPN tests following the manufacturer's instructions (Quanti-Tray2000 Idexx Laboratories, Westbrook, ME, USA). In addition, two 2-L aliquots of each water sample were filtered through separate 0.22 μm pore membrane filters (Millipore Corporation, Billerica, MA, USA) using a vacuum pump. One filter membrane was transferred into 10 mL of buffered peptone water (BPW) and shaken for 3 min on an orbital shaker (250 rpm) to dislodge entrapped bacteria. Subsequently, the rinsate (i.e. 10 mL of BPW after shaking) was incubated at 37 W C overnight (i.e. enriched samples with BPW). This overnight broth culture was frozen at -70 W C, with 30% buffered glycerol. The other filter membrane was frozen at -70 W C and the DNA from attached organisms was extracted at a later time using a commercial kit according to the manufacturer's instructions (Rapid Water TM DNA Isolation Kit, MOBIO Laboratories, Inc.). These later specimens were called the non-enriched samples.
Statistical analysis
Multivariate logistic regression models (STATA ver.10, STATA Corporation, College Station, TX, USA) were used to assess the association between well attributes (well age, depth, and township, as a surrogate for pollution index/ cattle density) and the probability (p i ) that the fecal indicators were found in the sample (Hosmer & Lemeshow ) .
Detection of pathogens by real-time polymerase chain reaction (PCR)
Commercial real-time PCR kits were used to amplify and detect targets specifics for E. coli O157 and 
RESULTS
Fecal indicator detection
Total coliforms were found in 45.5% (82/180) of total sampled well water and 9% (16/180) of the samples were positive for generic E. coli. There were differences in the frequencies of fecal indicators present among townships ( E. coli O157:H7 was detected in seven enrichment samples ( Table 2) The detection of E. coli O157 in drinking water is of serious concern. An association between the potential factors (i.e. dairy farms, ground water pollution potential) and
occurrences of E. coli O157 and fecal indicators was not detected (Tables 1 and 2 ). This indicates that other unmea- other pathogenic E. coli or three other common waterborne bacteria (Sen et al. ) . In that same study (Sen et 
CONCLUSIONS
The residents using private well water located in the test area were unknowingly exposed to the risk of E. coli O157:H7
infection. These studies show that AGI disease observed in agricultural intensive regions might be attributed to human exposure to pathogens via drinking water. The physical factors typically used to identify the characteristics of the wells at high risk for contamination (pollution potential index based on hydrologic parameters, depth, etc.), were not predictive of likelihood of contamination with indicators or pathogens. Instead, contamination potential may be associated with other factors for which owners have greater control such as well maintenance. Efforts should be made to prevent contamination of rural wells, as microbiological testing alone is not a reliable assurance of safety.
